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server's habib of work; its use can not well be omitted by 
working climatologists or the directors of climatolo 'cal 
services without dan er of loss of valuable time and e %- ort 
in dealing with wort %l ess or vitiated data. 

REMARKS. 

Prof. John F. Ha ord, director of the College of Engi- 
neering, Evanston, SI ll., presenta by request the following 
comments on the above paper: 

At 1Srqularstatims ........................ 
At U cooperative stations .................... 

:&-} ................................... 

FIO. 15. Average frequency curves for daily 
&aUs April to Geptember 1914 as 
mborded at l5 regular Weat& B u k u  
statlous and at 15 cooperative stations. 
(See table below.) 

Summary of daily rabfalla recorded infi9utc 15. 
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*I years cooperative, 5 years regular station. 

The eat differences between the records of stations 
manne r by professional observers and those made by 
amateurs may be reduced to some estent by considerin 
only the same eriod, but they are mainly due to d x  

This suggests the possibility of classifying observers with 
ms ect to fidelity to dut by arranging them in the 

The table, or curve, of fre uency distribution of daily 
rainfall, however, gives a va P uable insight into the ob- 

ferences in the Fi delity to duty, as way be easily shown. 

or a er of the total number o 9 rainy days reported by them. 

EVANSTON, ILL., Xay 17, 1915. 
The use of the daily rainfall fre uency distribution as a test for errors 

in the manner indicated in Mr. h d s  paper, Neems to me to furnish 
interesting and suggestive inclicatims of the habits of the observer and 
the character of the errors in the record turnell in by him. 

The value of these indications depends primarily upon the use which 
is made of them. Two general classes of use may be considered: 
(1) They may be used as a means of inspection of the observer and his 
work; and (2) they may be used as a guide in testing the wcuracy of 
cooperative rainfall observations and as indicating how to reach safe 
conclusions from them. 

If your observers would take suggestions liinclly and seriously, if 
having found a cooperative observer's observations consillerably in 
error it were possible to replace him by some one else, and if a consider- 
able amount of inspection of a cooperative observer's work were pos- 
sible, the indications obtainml from the frequency-distribution testa 
advocated by 51r. Miller woulJ be of conRillerable value as a part of 
inspection. * * * 

-4s a guille in testing the accuracy of cooperative rainfall observa- 
tions and as inllicating how to reach safe conclusions from them, it 
seem8 to me that the frequency-distribution testa are likely tc, prove 
valuable if carefully condered anel applied. In my opinion, the 
neceaeady careful consickration involves traveling farther along 
Yr. Miller's line 01 thought than he has yet gone, 'udgrng by his paper. 
It may lead in some cases to added confidence in the records rather than 
the reverse The following paragraph is, possibly. a fair esample of a 
reason for inereme11 confidence based on frequency-distribution tests. 

Consider the "Summary of c!dly rainfalls" under fi ure 15. Thie, 
summary intlicatep that the cooperative observers rnissef220 "Tmes  'I 
(322-102) which may bc estimotd as 0.005 inch each, or a total of 1.1 
inch: an1.1 541 rainfalls between 0.01 and 0.21 inch (487-Wj) .  which 
maybe estimated at  0.12 inch each, or a total of 2S.9 inches. The total 
lo= thus established in theee two group is, therefore, 1.1$28.9=30 
inches. This is less than 10 per cent of the total shown in Table 2. 
This evidence indicates, therefore, that the total precipitation lost 
from the recortl in the form of smaller rainfalls which are unrecognized 
or erroneously recorilell by the cooperative observers as a group, is 
possibly lese than 10 per cent and almost certainly less than 20 per cent 
of the total amount. Are not other errors. i n  p;ut unavoidable, prob- 
ably hrger t.han t.his? For example, ir, not the error in the toil rein- 
fall for a region prwlucel by eculiarities in thc geographical distri- 
bution of the stations ami in d e  location with reference to the to og- 
raphy frequently much greater than 10 per cent? JVill not any reiuc- 
tion in the number of cooperative stations tend strongly to increase the 
errors referre. I to in the precailing sentence'? 

The errors in the recorded total precipitation produced by the mere 
habit of concentrating the readings at 0.05,0.10,.0.15, etc., are probably 
less than 5 per cent., ant1 possibly lesa than 1 per c e u t t o o  small to be of 
importance. I reacher1 thk conclusion from R hasty study of Tables I 
and 2 and figwe 15. 

It. seems to me that Nr. Miller's reasoning i R  conclusive in showing 
that the number of rainy days per year haa one significance for regular 
stations and qi1it.e a iliffereut significance for cooperative stationtx- 
.lohit F. Hrixford. 
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Tm*EOTTEST REGIOk IN T m  UNITED STATES. 

By G. H. WILLEON, District Forecaster. 

(Dated: Weather Bureau, San Francisco, Cal., July 5,1915.) 

When the old seekers and ioneers came to California 

the southeastern portion of the St.ate, and the intense 
hetit experienced in that region duriw the summer 
nioiiths sooil bccame well kno\.vll and mu& feared. "he 
sufferings of both inan and henst while traveling over 
those dreary wastes have been t,he subject of many iu- 
terestin papers, some of which were based upon facts 
while ot % ers were pure fiction. Undoubtedly many lives 

in the early s fties many of t. R em crossed the deserts in 
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have been lost in that region, and while the extreme heat 
has probably taken its toll, by far the greater number 
have perished from thirst. 

, A t  has long been believed that the hottest place in this 
country was in one of those depressions below s e a l e d  
in southeastern California, Death Valley or the Salton 
Sea country. Until June, 1911, there was only a short 
record from Death Valley, but there were many long and 
reliable recorda from the letter which showed extreniely 
hqh temperatures; therefore the Salton Sea country 
was generally considered to be the hot,test place in the 
United States. It will surprise many persons to learn 
that not on1 the hi hest temperature in this country 

temperature ever recorded in the open air with standard 
instruments and under a roved met.hods of esposure in 

ranch, on the edge of Death Valley, Inyo County, Cal., 
on July 10, 1913, when the thermonieter re-istered 134' F. 
In fact, the record from t,his station for tLe eriod from 

markabb uuthcntic record of hi& shade temnperat,urea 
ever made. The daily niasiim during this intensely hot. 
spell mere: St.h, 128'F.; 9th, 129'; lOt.li, 13.4'; Ilth, 
129'; 12th, 130"; 13th, 131'; and 14tli,127'. During this 
time the tempt?r:it,uw, nevrr fell below 85°F. 

In the s riug of 191 1 awitiigcnieiits wwe made between 
the Unite B States Weateher Bureau and the Pacific Coast. 
Boras Co. to est,ablish and maintain a Weather Bureau 

. cooperative station a t  their plsce known ats Greenland 
ranch, on the edge of Death Valley. This ranch is located 
on Furnace Creek at tho eastern edge of Death Valley 
and 178 feet below sea level, but. somewhat. highor t h m  
the main floor of the vtilley. l l i e  ranch einbritc.c:s ahout 
100 acms of ii.rigat,ed hnd  on whicb alfalfa and soiiie 
fruit and vcgetables rown. The meteorological 
equipment is that usudy Rirnished t.0 cooperat,ivu st,il- 
tions ; it consists of Weat,her Bureau st.niidard iiiasimuui 
and minimum t.hcrnionie bcrs, n rziingagc sild :I t.herniome- 
ter &lter. The shelter is of thil regulittion pa>,t.tern. 
with louvcred sides, a ti-lit, floor, 2nd 2% double roof. 
The shelter is painted wkte wit,h s c v ~ r d  coiLtiiigs of 
white lead. The 1ocat.ion for t,ha inst,ruments wals care- 
fully selected, the shelt,vr being p l a c d  over i i i i  :dfalfaL 
sod, t.he floor rtbout 4 feet above the ground, t.lie 
delter door fiLciug north and about. 50 feet from tlic 
nearest high object. 'l'lic 1ocrLtioii is such that thc  sh~7fer 
is not aposed to the pTJ1ccted lieat-fr.o?n t7w desed  

Evaporation is escessivt! in this sect,ion arid liberitl 
irri ation is iiecesstiry to m:iiiitnin plant life; liencre, the 
coofin2 by evaporation from the surroundiiig damp 

oun and live vegetatiun is probably suiticieiit to lower 
R e  readings ol the inst.ruinciits severctl de-recs. Un- 
doubted1 the t.onipernture down in the aeser t bot- 
tom of t K e valley is iiiucli higher than it, is a.t Grrenlimtl 
ranch. 

The niasiinum t,hernioiiieter in use during the hot, 
weather of July, 1913, w\-as graduated up t.0 135' F. only, 
and in a note acconipnnying his report at  the close of the 
month, the observer stated that he doubted if t4e record 
was sufficiently. hi h because other ordinmy thernionie- 

In order t,hat the true value of this record may be 
a preciated, the following statement lcindy furnished by 
€!of. C. F. Talman, Librarian, U. S. Weather Bureau, 
of other hi h teni eratures reported in different portions 
of the worl % %  is su niitted for comparison: 

Greelg's Amerirnll )Yeather, page l%, mentions 2% temperature of' 
127.4' F. on August 2 i ,  ISM, at Ouarglo (better spelled Wawgln), on the 
dp;e of the Sahara desert, aa "probably the highest register:! by .a 
bund observer from a reliable, well-exposed thermometur. Thm 

occurred in beath lalley, B 

any portion of the wor E was recorded a t  Greedand 

July 8 to 14, 1913, inclusix-e, is robably t. E e most re- 

but that the highest shade 

ters at the ranch s % awed a inuch higher teiiiperature. 

maximum haa been repeated in meteorological works, down to the 
present time, as the hqhwt well-authenticated temperature hereto- 
fore observed. However, Greel also ( . 129) mentions a temperature 
of 12SOF. at Mammoth Tank, Jd., J u k ,  1S87, and this is also mme- 
times cited as the "record" for th. world. Ham's Handbuch der 
Klimatologie (3d etl., vol. 3, 485) mentions a tempemtiuo of 131" 
F. (5.5'C.) aa having been o%&rvd by the traveler, Stuart, in the 
interior of New South Wales, in January, 1845. In Thomson's "In- 
duction to Meteorology," .p. 56, a temperature of 152OF. is a i r 1  to 
have occurred near the Euphrates; while the Encyclo Eedia Brim- 
nicx (9th ed., 1-01. 30, p. S10) states. that 167'F., in &e shade, haa 
been observed in the desert of Gobi. 1 know of no other authority 
for +Xi last extraordinary temperature record. In any case, the tem- 
Deratore of 134'F. at Greenland ranch remaim the higheet recorded 
2or any definite station. 

It appears strange that Gen. Greely should give the 
record of 128'F. in Jul 1887, at Mammoth Tank, Cal., 

130'F. on Au ust 17, 1885, as stated in Weather Bureau . 
Bulletin L. !?he old station at Volcano Sprin 

on June 23, 1902, and of 138'F. on Jul 5, 1905. This 

masimuni thermometer exposed in a standard shelter. 
The teiii erature rec.ords at Greenland ranch now cover 

inclusive. Temperatures reachin 100'F. or more may 

the highest point in July or Au . Temperatures o 

and Au ust. Temperatures of 80'F. or more have been 

ruary to November, inclusive. The mean of the monthly 
masimuni temperatures has exceeded 100'F. from May 
to September, inclusive, every year with one exception, 
when the record was 95.4' F. The average daily m m -  
inuni teinperature esceeded 110'F. twice in four times 
in June, niid in every July and August; the greatest being 
117' F. in July, 1911. In  the months of July and August, 
for the four yews under discussion, the mean daily maxi- 
inuiii tem erature has esceeded 115'F. three times in 

and 111A'F. in August of the same year. 
The lowest temperature recorded was 15'F. on Janu- 

ary S ,  1913. This low temperature occurred durin 

iiiaiiy long records of low temperature were broken in all 
port.ions of tlic State. Minimum temperatures of 32'F. 
or below hare been recorded in November, December, 
January, and February. The mean duil ininimuni tem- 

during t,he four years' record: January, 1913, when it was 
SB.G'F., rind December, 1912, when it was 30'F. The 
niem inoiithl r iuinimum temperature for July and Au 
ham esceedecl) SOOF., except in August, 1911 (78.9'y; 
and July, 1913 (79.6'F.I. The mean monthly tempera- 
ture has esceeded 100'F. half of the time in both July 
nncl August; it, has esceeded 9O'F. in every June and 
for half of the time in September. The highest monthly 
niem temperature was 101.6'F. in July, 1914, and the 
lowest was 45.8'F. in January, 1913. 

The iiiesiiuuni temperature has reached or exceeded 
100'F. on 548 days in the four gears from June, 1911, to 
May, 1915, inclusive, as follows: in April 15 times, Ma 72, 
June 108, July 123, August 124, Se tember 97, and &to- 

as  follows: May 2, June 5, July 25, and Au st 27 days. 

for some peculiarity that would explain the extremely 
hot weather in Death Valley in July, 1913, but it is doubt- 
ful if a sufficient cause was found.' The weather type 

as the highest, when t ;8, e records of that station show 

under the waters of Salton Sea, has a record o P' 129'F. now. 

latter record was reached on a Weather B ureau standard 

a period o B four years, from June, 1911, to May, 1915, 

T be expected from April to Octo i? er, inclusive; reachin 

13O'F. or more have been recor Yt ed in May, June, July, 

recorde 8 in a.ll mont.hs, and of 90'F. or more from Feb- 

e d i  iiiont 'I 1, the exceptions being 110.7'F. in July, 1912, 

spell of esceptionally cold weather in California, w h a  on 

peratures have been below 32'F. for 5 ut  two months 

* 

bor 9 times; and reached or escee I f  ed 120'F. on 59 days, 

The daily weather maps have been care #? ully studled 

1 Corn ar6 Notea on the cllmnte and meteor01 01 Death Valley Cd by Mark W. 
Hsrring%m. Washington, 1892. 50 p. 8". (\%her Bweuu Bdl. 1.j' 
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wan that which always causes high temperatures over the 
south Pacific coast district, it was not unusually pro- 
nounced, and did not give record tem eratures m any 

dope of the Sierra was very light and from the north, 
causin a slow southward movement of the air from the 
higb 3 ateeu and mountain regions of northern Nevada. 
Aa it was descanding it was heated dynamically in pass- 
ing down the western slopes of the Amargosa and Funeral 
Mounkains to the dee valley below. Once 
the surface air proba“ % Iy becarno stagnant owi 
hi h walls st the south and and was heated 

The condition was probably local as is often the case 
in mountainous regions, and the e c e  tionally high teni- 

The following tables present the temperature records 
of this hottest station, by years and months: 

other portion of California. The wind 3 ong the eastern 

d e c t s d  heat from the rocks and desert 

peratures were amfined to Death V alp ey. 

. 
TABLE 1,-Tmperatzrres rtwrded by Feather BUTWU k o n i e t u s  C a 

s t c m d d  shelter at &mhnd m d ,  k ~ y o  COU~@I, Cal. 

[Lat. I’ 2:’ S.; Ion$. 116.50’ W. Alt., -178 feet, M. S. 14 

BIQEE8T TEYPEBhTUBE. 

Year. 

1911 
XI12 ............ 
1913 ............ 
1914 ............ 
1915 ............ 
Mmthly ex- 
trspaes ....... 8 5 w )  - 

L0-m TEYPEEATWE. 
---- 

igii ..... ..... 

............ 
1915 ............ 

- 
% E M  TEMPEBATURE. 

[+(mean mar.+meRn min.)] 

51 2i‘ 
42 81 
fw 581 
r i  5q 

__. . 

22 22 
21 21 
52 15 
52 47 ........ 

21 15 
... 

............ 

............ ............ ............ 

loll 
1912 
1915 
1914 
1915 ............ 164.6 61.81 w1.8 7R.1 80.4 .......... ..... .... ..... 
Means .......... 

MEAX? MAXIMUM TEMPERATUBE. 

............ 
1912 ............ ..... 
1913 ............ ..... 
1914 ............ ..... 
1915 ............ 

1111 

Means .......... 14.4 Xi.0 81 1.8 1On.B 115.? 114.9 105.61 91.4 a.31 &%.SI !N.9 _- I r n . 1 1 ”  I I -1 I I I I I I I 

MEAN mmuuY TEMPEBATVBE. 

1911 ..... 
isia ............ 
1913 ............ 
1914 ............ ..... 
1816 ............ .....I ..... 
Mama. ......... 

SVMMER TEXPERAThES AT PARIB AND AT RENO, 
NEV. ’ 

By H. F. AXIATOBE, Section Director. 
[Dated. Weather Bureau, Reno, Wev., May I, 1915.1 

In  connection with Angot’s method for classifying 
summers (Monthly Weather Review, Nov., 1914, 42: 
628-629) I here submit a tabulated statement of tem- 
perature escesses (on a basis of 3OoC. or 86’F.), differ- 
ences, and departures for Reno, Nev., and Paris, France. 
Angot has stated that his method gives results to a cer- 
tain extent dependent upon the temperature selected for 
the lower or starting point. As the only Paris date at  
hand are those for summers compared on a basis of 30’ C., 
I selected the same temperature for comparing Reno’s 
summers. It is evident that a starting temperature of 
86’F. (3OOC.) is too low for Reno, the average excess 
for the summer being 177OF. as against 27OF. a t  Pans. 

In a way, the starting temperature, if judiciously 
chosen, could be such as to give one a fairly Food idea 
of what might be called the “discomfort units ’ of sum- 
mer. For esam le, at Reno (and probably a t  99 per 

which the temperature exceeds 90°F. (32.2OC.), would 
be termed a warm day, while one with 87OF. (30.6OC.) 
would not. 

TABLE 1.-Rem and Pa& sumws compared. 
(Reno: Lat.,3998.38 N.; Long., 119O49’ W.; elevation, 4.500 feet sbove sea level.> 

cent of the regu P ar Weather Bureau stations) a day on 

[Sums of maximum temperatures exceeding Sa°F.l 

...... ..................... 

...... .................... 
...... 

............... ..... 1m.. .................... 
lyoB ...................... ...... 

40 40 8 
1908.. .................... 
1w.. .................... 
1910.. .............. 

.................... 54 46 3 
1911.. 
1912.. 

.................... ...... 

....... ...... 
- 

Months in ahirh the temperature has not once reached Si’ F. are indicated b leadm 
All tempmatures. ditrerences. and departures are in Pahrarrheit degrees. %o.signs 
appear before ptu difference$ or departures. Minus differences indlcate that Parn was 
cooler than Reno. Onlv ymra for which complete records lor both plwm are anilable 
ap ear In the table. The values at bottom rrf table are the 1 4  ear average% The 
\.&as for Paris are the Fahrenheit equivalontv or tho det3 in Tab% 2, p. 629. Monthly 
\Ieat\thnr Review, November, 1914. 

Referring to the Reno-Paris table, the most note- 
worthy fact brou h t  out is, that in 1s out of 19 ears 

The exce tion was the summer of 1911, which, in Paris, 

At Reno the greatest monthly excesses occur, as a rule, 
in .July. The average seasonal escess is 177O, more than 
five tunes as large as that of Paris. For the 19 years 
covered by the records, the hottest summer was that of 
1910, with an escess of 331’; the coolest, that of 1907, 
with an escess of only 88O. Eleven of the 19 summers 
were warmer than usual. No periodic alternation of 
warm and cool summers has been observable for periods 
of more than three years’ duration. 

Reno’s summers % ave been warmer than those of 8 aris. 

was the % ottest on record. 


